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(54) Variable displacement compressors 

(57) Compressor 1 00 has a driving unit 1 1 . The driv- 
ing unit 11 is provided within a crank chamber 7 and de- 
creases the discharge capacity when a control valve 24 
opens a control passage 23 to increase the pressure 
within the crank chamber 7. The throttle passage 25 de- 
livers oil with the compressed refrigerant to the crank 
chamber 7 regardless of whether the control valve 24 



has opened or closed the control passage 23. Because 
the throttle passage 25 may continuously deliver the oil 
to the crank chamber 7 even when the control valve 24 
closes the control passage 23, the mechanical elements 
within the crank chamber 7 can be reliably and suffi- 
ciently lubricated and the crank chamber 7 is prevented 
from being in an insufficiently lubricated state. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to variable dis- 
placement compressors and particularly to compres- 
sors capable of sufficiently returning the lubricant oil to 
lubricate the mechanical parts of the compressor. 

Description of the Related Art 

[0002] As one type of known compressors, a variable 
displacement compressor is disclosed in U.S. Patent 
No. 6,010,312 and includes pistons and a swash plate. 
Each piston is reciprocally inserted within a compressor 
cylinder bore and an end portion of each piston is cou- 
pled to a peripheral portion of the swash plate. The 
swash plate is inclinably coupled to a drive shaft in a 
crank chamber. The swash plate rotates together with 
the drive shaft. The compressor output discharge ca- 
pacity can be changed by changing the piston stroke. 
The piston stroke can be changed in relation to an incli- 
nation angle of the swash plate. The inclination angle of 
the swash plate can change by changing the pressure 
within the crank chamber. When the pressure within the 
crank chamber increases, the inclination angle of the 
swash plate with respect to a plane perpendicular to the 
axis of the drive shaft decreases. As the result, the pis- 
ton stroke decreases and the compressor output dis- 
charge capacity decreases. To the contrary, when the 
pressure within the crank chamber decreases, the incli- 
nation angle of the swash plate increases. As a result, 
the piston stroke increases and the compressor output 
discharge capacity increases. 

[0003] The crank chamber is connected to a dis- 
charge chamber by a control passage.A control valve is 
provided within the control passage. When the control, 
valve opens the control passage, high-pressure refrig- 
erant within the discharge chamber is released into the 
crank chamber through the control passage and the 
pressure within the crank chamber increases. By in- 
creasing the pressure in the crank chamber, the inclina- 
tion angle of the swash plate with respect to the plane 
perpendicular to the drive shaft axis decreases, the pis- 
ton stroke decreases and the compressor output dis- 
charge capacity decreases. 

[0004] In addition, mechanical elements in the com- 
pressor, such as bearings for the drive shaft, are nec- 
essarily lubricated by utilizing lubricant oil. Within the 
compressor, the oil mixes with the refrigerant and the oil 
is drawn and compressed together with the refrigerant. 
In the discharge chamber, the oil is separated by utilizing 
an oil separator and is delivered to the mechanical ele- 
ments of the compressor. The separated oil is returned 
to the crank chamber through the control passage to lu- 
bricate mechanical elements in the crank chamber. 



However, the control valve closes the control passage 
during the operation of the compressor at its maximum 
capacity. As the result, the crank chamber can not be 
sufficiently lubricated when the compressor is operated 
5 continuously at the maximum capacity because the con- 
trol valve closes the control passage to maintain the 
crank chamber in a low-pressure state and to provide 
the maximum output discharge capacity. 

10 SUMMARY OF THE INVENTION 

[0005] It is, therefore, an object of the present inven- 
tion to provide a compressor that can reliably and con- 
stantly supply lubricant oil to the crank chamber. 

15 [0006] Preferably, a variable displacement compres- 
sor has a driving unit. The driving unit is provided within 
a compressor crank chamber and decrease the com- 
pressor output discharge capacity when the pressure 
within the crank chamber increases. Further, the com- 

20 pressor includes a control passage, a control valve and 
a throttle passage. The control passage releases the re- 
frigerant from the discharge pressure area into the crank 
chamber. The control valve is provided within the control 
passage and open or close the control passage. When 

25 the control valve opens the control passage, the refrig- 
erant is released from the discharge port to the crank 
chamber to increase the pressure within the crank 
chamber, thereby decreasing the compressor output 
discharge capacity. 

30 [0007] The throttle passage delivers oil within the 
compressed refrigerant to the crank chamber regard- 
less of whether the control valve has opened or closed 
the control passage. Because the throttle passage con- 
tinuously deliver the oil to the crank chamber even when 

35 the control valve closes the control passage, the me- 
chanical elements within the crank chamber can be re- 
liably and sufficiently lubricated and the crank chamber 
is prevented from being in an insufficiently lubricated 
state. 

40 [0008] Other objects, features and advantages of the 
present invention will be readily understood after read- 
ing the following detailed description together with the 
accompanying drawings and the claims. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

FIG.1 shows a variable displacement compressor 
50 according to a first embodiment. 

FIG. 2 shows a structure shown from a different an- 
gle of the first representative compressor. 
FIG. 3 shows an enlarged view of portion 1 shown 
in FIG.1 

55 FIG. 4 shows a detailed structure of a modification 
of the throttle passage of the compressor. 
FIG. 5 shows an air conditioning system that in- 
cludes one of the compressors. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0010] Preferably, a compressor may have an inlet 
port that may draw refrigerant into the compressor, an 
outlet port that may discharge compressed refrigerant, 
and a driving unit that is provided within a crank cham- 
ber. The driving unit may decrease the compressor out- 
put discharge capacity when the pressure within the 
crank chamber increases. To the contrary, the driving 
unit may increase the output discharge capacity when 
the pressure within the crank chamber decreases. To 
change the pressure within the crank chamber, the com- 
pressor may include a control passage and a control 
valve. The control passage may communicate with the 
discharge pressure area including the outlet port via the 
crank chamber. The control valve may be provided with- 
in the control passage to open and to close the control 
passage. When the control valve opens the control pas- 
sage, high-pressure refrigerant is released from Ihe dis- 
charge pressure area to the crank chamber through the 
opened control passage. By releasing the high-pressure 
refrigerant from the discharge pressure area into the 
crank chamber, the pressure within the crank chamber 
may rapidly increase and the driving unit may rapidly 
decrease the compressor output discharge capacity. 
[0011] Further, the compressor may include a throttle 
passage. The throttle passage may deliver oil within the 
compressed refrigerant to the crank chamber. The throt- 
tle passage may deliver the oil regardless of whether 
the control valve is opened or closed. In other words, 
the throttle passage may deliver the oil to the crank 
chamber even when the control valve closes the control 
passage. 

[0012] When the compressor is operated to decrease 
the output discharge capacity, the control valve opens 
the control passage. The oil may be delivered to the 
crank chamber through both the throttle passage and 
the control passage. On the other hand, when the com- 
pressor is operated at the maximum discharge capacity, 
the control valve closes the control passage to prevent 
the discharged refrigerant from being released into the 
crank chamber. Even in such a state, the oil may be de- 
livered to the crank chamber through the throttle pas- 
sage. Therefore, the compressor can prevent the crank 
chamber from being in an insufficiently lubricated state, 
because the throttle passage can deliver the oil to the 
crank chamber even when the control passage is 
closed. Further, because the passage is throttled, high- 
pressure refrigerant can be prevented from being re- 
leased too much into the crank chamber through the 
throttle passage and as the result, the loss of the effi- 
ciency can be minimized. 

[0013] The compressor may draw and compress the 
refrigerant that includes oil. That is, the throttle passage 
delivers the oil together with the refrigerant into the 
crank chamber. The oil delivered to the crank chamber 
may be utilized to lubricate the mechanical elements of 
the crank chamber. Otherwise, the oil may, before de- 



livery, be separated from the refrigerant at the discharge 
pressure area and may be delivered through the throttle 
passage. In such a case, the oil may be separated from 
the refrigerant by utilizing an oil separator that is provid- 
5 ed within the discharge pressure area. 

[0014] The throttle passage may preferably be de- 
fined by a radial clearance between a cylinder block and 
the drive shaft that rotatably penetrates the cylinder 
block. Also, the throttle passage may preferably be de- 

10 fined by a radial clearance between the cylinder bore 
and the piston. In each example, the surfaces of the el- 
ements can be lubricated while the throttle passage de- 
fined by the clearance may deliver the oil into the crank 
chamber to lubricate the crank chamber. Further, in 

15 each example, because the narrow clearance between 
the two elements can directly function as the throttle 
passage, other structures are not required to form a 
throttle passage and thus, the structure of the compres- 
sor can be simplified. The clearance between the cylin- 

20 der block and the drive shaft or the clearance between 
the cylinder bore and the piston is one of the features 
that corresponds to means for continuously delivering 
the oil within the compressed refrigerant to the crank 
chamber regardless of the control valve opening or clos- 
es j n g the control passage. 

[0015] Each of the additional features and method 
steps disclosed above and below may be utilized sepa- 
rately or in conjunction with other features and method 
steps to provide improved compressors and air condi- 

30 tioning systems and methods for designing and using 
such compressors and air conditioning systems. Rep- 
resentative examples of the present invention, which ex- 
amples utilize many of these additional features and 
method steps in conjunction, will now be described in 

35 detail with reference to the drawings. This detailed de- 
scription is merely intended to teach a person of skilled 
in the art further details for practicing preferred aspects 
of the present teachings and is not intended to limit the 
scope of the invention. Only the claims define the scope 

40 of the claimed invention. Therefore, combinations of 
features and steps disclosed in the following detail de- 
scription may not be necessary to practice the invention 
in the broadest sense, and are instead taught merely to 
particularly describe some representative examples of 

^5 the invention, which detailed description will now be giv- 
en with reference to the accompanying drawings. 

DETAILED REPRESENTATIVE EMBODIMENT 

50 [0016] Referring to FIG. 1 , a compressor 1 00 includes 
a cylinder block 1 , a front housing 2 and a rear housing 
5. The front housing 2 is coupled to a front end of the 
cylinder block 1 . The rear housing 5 is coupled to a rear 
end of the cylinder block 1 through a valve plate 6, and 

55 defines a suction chamber 3 and a discharge chamber 
4. The front housing 2 ; the rear housing 5 and the cyl- 
inder block 1 form a compressor housing. Further, the 
compressor 100 includes a crank chamber 7 defined 
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within the front housing 2. An end portion of a drive shaft 
8 is inserted into the crank chamber 7 to penetrate both 
the front housing 2 and the cylinder block 1 . The other 
end portion of the drive shaft 8 is connected to the drive 
source for the compressor 100. 

[0017] In the crank chamber 7, a swash plate 11 is 
slidably and rotatably coupled to the drive shaft 8. To 
couple the swash plate 11 to the drive shaft 8, a rotor 
12 is provided on the drive shaft 8 and the rotor 12 is 
coupled to the swash plate 1 1 by means of a hinge struc- 
ture 1 3. Further, by means of balance springs 9,10, the 
swash plate 11 is maintained at a small inclined angle, 
for example at 5 degrees, when the compressor is not 
in operation. The balance spring 9 at the left side of the 
swash plate 11 is received by the rotor 12 and the bal- 
ance spring 1 0 at the right side of the swash plate 11 is 
received by a stopper ring 10a. Moreover, a thrust race 
32 and a spring 33 are inserted in the drive shaft receiv- 
ing portion of the cylinder block 1 . The thrust race 32 
and the spring 33 bias the end portion of the drive shaft 
8 in the axial direction of the drive shaft 8 (left side in 
FIG. 1 and 2). 

[0018] The swash plate 11 rotates together with the 
drive shaft 8. The inclination angle of the swash plate 
1 1 with respect to a plane perpendicular to the axis of 
rotation of the drive shaft 8 can change. The hinge struc- 
ture 13 allows swash plate 11 to rotate at various incli- 
nation angles. 

[0019] As shown in FIG. 2, the peripheral edge portion 
of the swash plate 11 is connected to the base portions 
of the pistons 15 by means of movable shoes 16. Six 
pistons 15 in total are disposed equiangularly around 
the drive shaft 8 (however, only two pistons are shown 
in FIG. 2 for purpose of illustration) and may reciprocate 
within respective six cylinder bores 14. The back side of 
the pistons 15 are extended to the crank chamber 7. 
[0020] When the swash plate 1 1 rotates together with 
the drive shaft 8 while being inclined as shown in FIG. 
2, the rotation of the swash plate 11 is converted to a 
reciprocating movement of the pistons 15 through shoes 
16. 

[0021] As particularly shown in FIG. 2, suction ports 
26 and discharge ports 28 are provided within the valve 
plate 6 between the cylinder block 1 and the rear hous- 
ing 5 to correspond to respective cylinder bores 1 4. Suc- 
tion valves 27 are positioned to correspond to the re- 
spective suction port 26 and discharge valves 29 are 
positioned to correspond to the respective discharge 
port 28. A retainer plate 30 is fixed on the valve plate 6 
by a pin 31 to regulate the degree of opening of the dis- 
charge valves 29. 

[0022] When the piston 15 moves to the left in FIG. 2, 
as a result of rotation of the swash plate 11 , refrigerant 
is introduced from the suction chamber 3 as a suction 
pressure area through the suction port 26 and suction 
valve 27 into the cylinder bore 14. When the piston 15 
moves to the right in FIG. 2, as a result of further rotation 
of the swash plate 1 1 , the refrigerant is compressed into 



a high-pressure state and discharged through the dis- 
charge port 28 and the discharge valve 29 to the dis- 
charge chamber 4 as a discharge pressure area. 
[0023] In FIG. 2, the upper side piston is at the top 
5 dead center position (at the end of the discharge stroke), 
and the lower side piston is at the bottom dead center 
position (at the end of the suction stroke.) The output 
discharge capacity of the compressor 1 00 is determined 
by the stroke length of the piston 15, which is determined 

10 by the degree of inclination angle of the swash plate 1 1 . 
That is : the larger the swash plate 11 is inclined with 
respect to the plane perpendicular to the drive shaft 8, 
the longer the stroke length of the piston 1 5 will be. As 
the stroke length increases, the output discharge capac- 

15 ity of the compressor 101 also increases. 

[0024] The inclination angle of the swash plate 11 is 
determined by the difference in pressure on the opposite 
sides of the piston 15, i.e., the pressure difference be- 
tween the crank chamber pressure and the cylinder bore 

20 pressure. Increasing or decreasing the crank chamber 
pressure can adjust this pressure difference. 
[0025] Although it is not particularly shown in figures, 
the crank chamber 7 is connected to the suction cham- 
ber 3 by a bleed passage. 

25 [0026] In order to decrease the compressor output 
discharge capacity, the high-pressure refrigerant is re- 
leased from the discharge chamber 4 into the crank 
chamber 7. Due to resulting increase in the pressure 
within the crank chamber 7, the swash plate 1 1 reduces 

30 the inclination angle with respect to the plane perpen- 
dicular to the axis of the drive shaft B and the stroke 
length of the piston 15 decreases. Therefore, the output, 
discharge capacity will also decrease. On the other 
hand, in order to increase the output discharge capacity, 

35 the refrigerant in the discharge chamber 4 is prevented 
from being released into the crank chamber 7. The re- 
frigerant in the crank chamber 7 is released to the suc- 
tion chamber 3 through the bleed passage not shown. 
As the result, the pressure within the crank chamber 7 

40 will gradually decrease, the swash plate 11 will increase 
its inclination angle and the stroke length of the piston 
15 will increase. In this case, the output discharge ca- 
pacity will increase. 

[0027] As it is shown in FIG. 1 , the compressor 100 
45 further includes a refrigerant introducing passage 22 
that is connected with an outlet 40, a control passage 
23, a control valve 24, an oil separator 18. 
[0028] The refrigerant compressed by the piston 15 
includes oil in the form of mist for lubricating the me- 
50 chanical elements in the compressor. The oil included 
within the refrigerant is separated by the oil separator 
18. According to FIG. 1, the oil separator 18 has an oil 
separation chamber 1 9 and an oil separation sleeve 20. 
The oil separation sleeve 20 is positioned within the oil 
55 separation chamber 1 9 coaxially by means of its flange 
portion and a stopper ring 21 . The oil separation cham- 
ber 19 is provided within the cylinder block 1 between 
the cylinder bores 14 and may communicate with the 
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discharge chamber 4 through the refrigerant introducing 
passage 22. The refrigerant introducing passage 22 
connects to the oi! separation chamber 1 9 approximate- 
ly in the tangential direction of the oil separation cham- 
ber 1 9. The refrigerant introduced into the oil separation 5 
chamber 1 9 will swirl around the outer wall of the oil sep- 
aration sleeve 20 and flow through the inside of the 
sleeve 20 to the outlet 40 to the outside of the compres- 
sor 100. At this time, the oil included within the refriger- 
ant is separated from the refrigerant by the centrifugal 10 
force that is exerted on the refrigerant when the refrig- 
erant including the oil spirally swirls along the outer wall 
of the oil separation sleeve 20 and collides with the inner 
wall of the oil separation chamber 1 9. The oil separated 
from the refrigerant also descend to a bottom portion of 15 
the oil separation chamber 1 9. Thus, the refrigerant that 
does not include the oil is discharged through the outlet 
40 to the outside of the compressor 1 00, such as a con- 
denser in the outer refrigerant circuit. 

[0029] The oil separation chamber 1 9 communicates 20 
with the crank chamber 7 through the control passage 
23 which is formed in the cylinder block 1 and introduces 
discharge pressure to the crank chamber 7. The control 
passage 23 is opened and closed by the control valve 
24. The control valve 24 is provided within the cylinder 25 
block 1. For example, although it is not particularly 
shown in the drawings, the control valve 24 may include 
a valve body that opens and closes the control passage 
23 and a solenoid that controls the valve body. The con- 
trol passage 23 can be opened and closed by energizing 30 
and not energizing the solenoid. 

[0030] The control passage 23 further includes an an- 
nular passage 123 on the surface facing the drive shaft 
8 within the cylinder block 1 . The annular passage 1 23 
is provided on the upstream side of the control valve 24 35 
and may communicate with the crank chamber 7 at all 
times via a throttle passage 25. As shown in FIG. 3, the 
throttle passage 25 is defined by a radial clearance be- 
tween the cylinder block 1 and the drive shaft 8. Thus, 
the discharge chamber 4 communicates with the crank 40 
chamber 7 via a route that includes the control valve 24 
and via a route that includes the throttle passage 25. 
[0031] During the operation of the compressor 100, 
the control valve 24 closes the control passage 23 to 
increase the compressor output discharge capacity. The 45 
refrigerant in the discharge chamber 4 may not be re- 
leased into the crank chamber 7 and the refrigerant in 
the crank chamber 7 is gradually released into the suc- 
tion chamber through the bleed passage. The pressure 
within the crank chamber 7 will gradually decrease to so 
increase the inclination angle of the swash plate 11 and 
to increase the compressor output discharge capacity. 
In this state, the oil separated by the oil separator 18 
may not be delivered to the crank chamber 7 through 
the control passage 23, because the control valve 24 55 
closes the control passage 23. However, the throttle 
passage 25 communicates via the annular passage 1 23 
with the crank chamber 7 at all times and therefore, the 



oil at the oil separator 18 may be delivered to the crank 
chamber 7 through the throttle passage 25. To the con- 
trary, when the coniroi vaive 24 opens the control pas- 
sage 23, high-pressure refrigerant within the discharge 
chamber 24 is released into the crank chamber 7 
through the control passage 23. As the result, the pres- 
sure within the crank chamber 7 increases to decrease 
the output discharge capacity. At this time, the oil sep- 
arated by the oil separator 18 is delivered to the crank 
chamber 7 through the control passage 23 that is 
opened and through the throttle passage 25. 
[0032] As explained above, the compressor 1 00 can 
change the output discharge capacity by changing the 
pressure within the crank chamber 7. Further, the pres- 
sure within the crank chamber 7 can be controlled by 
introducing the discharge pressure into the crank cham- 
ber 7 via the control passage 23 that may be opened 
and closed by the control valve 24. Therefore, when the 
compressor 1 00 is operated at maximum capacity, the 
control valve 24 closes the control passage 23 and 
therefore, the oil within the oil separator 18 may not be 
delivered to the crank chamber 7 through the control 
passage 23 that is closed by the control valve 24. On 
the other hand, because the throttle passage 25 com- 
municates the control passage 23 with the crank cham- 
ber 7 even when the control valve 24 closes the control 
passage 23, the oil separated by the oil separator 18 
can be delivered to the crank chamber 7 through the 
throttle passage 25. To the contrary, when the control 
valve 24 opens the control passage 23, the oil within the 
oil separator 1 8 can be delivered to the crank chamber 
7 through the control passage 23 that is opened by the 
control valve 24 and through the throttle passage 25. 
Therefore, the oil can be rapidly delivered to the crank 
chamber 7 by utilizing two routes. 
[0033] In the compressor 1 00, the throttle passage 25 
delivers the oil separated from the discharged refriger- 
ant into the crank chamber 7 even when the control 
valve 24 closes the control passage 23. Therefore, the 
compressor 100 can prevent the crank chamber 7 from 
being in an insufficiently lubricated state. As the result, 
even when the compressor 100 is operated for a rela- 
tively long time at maximum capacity the compressor 
100 can sufficiently lubricate the mechanical elements 
within the crank chamber 7, such as the swash plate 11 , 
contacting surfaces between the shoe 1 6 and the piston 
15, the hinge structure 13, and the contacting surfaces 
between the swash plate 11 and the drive shaft 8. 
[0034] Further, in the compressor 100, the throttle 
passage 25 is defined by the clearance between the cyl- 
inder block 1 and the drive shaft 8. Therefore, a special- 
ized passage is not required to define the throttle pas- 
sage. Further, the contacting surface between the cyl- 
inder block 1 and the drive shaft 8 can also be lubricated 
when the oil is delivered to the crank chamber 7 through 
the throttle passage 25. 

[0035] FIG. 4 shows a modification of the throttle pas- 
sage 25 in the compressor 1 00. According to FIG. 4, the 
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throttle passage 25, which couples the oil separator 18 
with the crank chamber 7, is defined by a clearance be- 
tween the piston 15 and the cylinder bore 14. In this 
modification, an annular passage 123 is formed around 
the inner surface of the cylinder bore 14. The contacting 
surface between the cylinder bore 14 and the piston 15 
can also be lubricated when the oil within the oil sepa- 
rator 1 8 is delivered to the crank chamber 7 through the 
throttle passage 25. 

[0036] Further, as one example, an air conditioning 
system for an automobile that utilizes the compressor 
100 is shown in FIG. 5, wherein the refrigerant to circu- 
late in the air conditioning system is compressed by the 
compressor 1 00. 

[0037] As another modification of the throttle pas- 
sage, a passage that opens within the cylinder block 1 
other than the clearance between the drive shaft 8 and 
the cylinder block 1 or the clearance between the cylin- 
der block 1 and the piston 1 5 may define the throttle pas- 
sage. 



Claims 

1 . A variable displacement compressor comprising: 

a driving unit provided within a crank chamber, 
the driving unit changing compressor output 
discharge capacity in accordance with pres- 
sure within the crank chamber, 
a control passage to release the refrigerant 
from a discharge pressure area into the crank 
chamber, 

a control valve disposed in the control passage, 
the control valve opening and closing the con- 
trol passage to control the pressure within the 
crank chamber, 
characterized by 

a throttle passage adapted to deliver oil includ- 
ed in the compressed refrigerant to the crank 
chamber regardless of whether the control 
valve has opened or closed the control pas- 
sage. 

2. A compressor according to claim 1 , wherein the 
driving unit further comprises: 

a swash plate connected to a drive shaft dis- 
posed within the crank chamber, the swash 
plate rotating together with the driving shaft at 
an inclination angle with respect to a plane per- 
pendicular to the drive shaft, and 
a piston disposed in a cylinder bore, the piston 
being connected to a peripheral edge of the 
swash plate, the piston reciprocating within the 
cylinder bore to compress the refrigerant in re- 
sponse to rotation of the swash plate within the 
crank chamber. 



10 

3. A compressor according to claim 1 or 2, further 
comprising an oil separator adapted to separate oil 
from the compressed refrigerant, wherein the throt- 
tle passage is adapted to deliver the oil separated 

5 from the refrigerant by the oil separator to the crank 
chamber regardless of whether the control valve 
has opened or closed the control passage. 

4. A compressor according to any one of claims 1 to 
10 3, wherein the oil is delivered to the crank chamber 

to lubricate mechanical elements within the crank 
chamber. 

5. A compressor according to any one of claims 1 to 
is 4 ) wherein the oil is delivered to the crank chamber 

through the throttle passage when the compressor 
is operated at maximum capacity and the oil is de- 
livered to the crank chamber through both the throt- 
tle passage and the control passage when the con- 
20 trol valve has opened the control passage. 

6. A compressor according to claim 2, wherein the 
throttle passage is defined by a clearance between 
a cylinder block and the drive shaft that rotatably 

25 penetrates the cylinder block. 

7. A compressor according to claim 2, wherein the 
throttle passage is defined by a clearance between 
the cylinder bore and the piston. 

30 

8. A variable displacement compressor comprising: 

a driving unit provided within a crank chamber, 
the driving unit changing compressor output 
35 discharge capacity in accordance with pres- 

sure within the crank chamber, 
a control passage to release the refrigerant 
from a discharge pressure area into the crank 
chamber, 

40 a control valve disposed in the control passage, 

the control valve opening and closing the con- 
trol passage to control the pressure within the 
crank chamber, 
characterized by 
45 means for delivering oil within the compressed 

refrigerant to the crank chamber regardless of 
whetherthe control valve has opened or closed 
the control passage. 

so 9. a compressor according to claim 8, wherein the 
means for delivering oil is defined by a clearance 
between a cylinder block and a drive shaft that ro- 
tatably penetrates the cylinder block. 

55 10. A compressor according to claim 8, wherein the 
means for delivering oil is defined by a clearance 
between the cylinder bore and the piston. 
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11. A variable displacement compressor comprising: 

a driving unit provided within a crank chamber, 

the driving unit changing compressor output 

discharge capacity in accordance with pres- 5 

sure within the crank chamber, 

a control passage to release the refrigerant 

from a discharge pressure area into the crank 

chamber, 

a control valve disposed in the control passage, to 
the control valve opening and closing the con- 
trol passage to control the pressure within the 
crank chamber, 
characterized by 

means for delivering oil within the refrigerant to is 
the crank chamber regardless of whether the 
control valve has opened or closed the control 
passage when the compressor is operated at 
maximum capacity. 

20 

12. An air conditioning system for an automobile com- 
prising a cooling circuit in communication with the 
compressor according to any one of claims 1 to 11 , 
wherein the refrigerantto circulate in the cooling cir- 
cuit is compressed by the compressor according to 25 
claim 1. 

1 3. A method for lubricating the compressor according 
to claim 1 comprising: 

30 

delivering the oil to the crank chamber through 
the throttle passage when the compressor is 
operated at maximum capacity and 
delivering the oil to the crank chamber through 
both the throttle passage and the control pas- 35 
sage when the control valve has opened the 
control passage. 
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(54) Variable displacement compressors 

(57) Compressor 100 has a driving unit 11. The driv- 
ing unit 1 1 is provided within a crank chamber 7 and de- 
creases the discharge capacity when a control valve 24 
opens a control passage 23 to increase the pressure 
within the crank chamber 7. The throttle passage 25 de- 
livers oil with the compressed refrigerant to the crank 
chamber 7 regardless of whether the control valve 24 
has opened or closed the control passage 23. Because 
the throttle passage 25 may continuously deliver the oil 
to the crank chamber 7 even when the control valve 24 
closes the control passage 23, the mechanical elements 
within the crank chamber 7 can be reliably and suffi- 
ciently lubricated and the crank chamber 7 is prevented 
from being in an insufficiently lubricated state. 
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